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ABSTRACT 
The flow field within a free liquid film under an applied external electric field was measured 
using confocal micro-PIV system. Free liquid films of thickness ~ 200 µm were formed in a 
rectangular frame with electrodes in direct contact with the fluid and stabilised by cationic surfactant. 
The flow field induced by an external electric field of ~1600 V/m was visualised using 2 µm tracer 
particles on several depth wise planes. The observed particle velocities were used to determine the 
fluid velocities within the film by accounting for the electrophoresis of the tracer particles. 
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INTRODUCTION 
Electrophoretic phenomena in free liquid films have gained significant interest in recent years due 
to their importance in applications in engineering, physics and biophysics [1]. Recent literatures 
include reverse drainage of foams [2] and liquid film motors [3]. In order to find new applications and 
to exploit this concept, it is necessary to understand flow field within these free liquid films. Hence, 
the main purpose of this study is to experimentally investigate electroosmotic velocity field in a free 
liquid film stabilised by various surfactants.  
 
THEORY 
The predicted electroosmotic flow profile in a close-end microchannel is given in Figure 1. It is 
expected that the flow field in a free liquid film under an applied electric field will be similar to that 
of a microchannel, but the surfactants adsorbed at the interfaces will influence the flow directions and 
the velocity magnitudes.    
 
 
 
Figure 1: A fully developed electroosmotic flow profile inside a closed end microchannel [4]. 
 
The tracer particles used to visualise the flow under an applied electric field will be subjected to 
electrophoresis and should be accounted for in determining the fluid velocity using the following 
equation.  uf = 𝑢𝑢𝑜𝑜𝑜𝑜 −  𝑢𝑢𝐸𝐸𝐸𝐸     (1) 
 
Where: 𝐮𝐮𝐟𝐟 is the fluid velocity, 𝒖𝒖𝒐𝒐𝒐𝒐 is the measured particle velocity from the confocal µ-PIV system and  
𝒖𝒖𝑬𝑬𝑬𝑬 is the electrophoretic velocity of the particles.  
 
EXPERIMENTAL 
The test solution contained 50% w/w glycerol solution; 2 mM phosphate buffer solution (PBS); 
5.8 mM myristyltrimethylammonium bromide (MTAB) and 2 µm carboxylate-modified polystyrene 
particles (Sigma-Aldrich Ltd, UK). A rectangular frame (7.5 mm X 1.4 mm) was made from two 
clear borosilicate glass rods of 2 mm in diameter connected by two platinised titanium rods of 1 mm 
in diameter (Ti-shop, UK). A free liquid film was formed within the frame cavity by taking 9 µL of 
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the test solution and spreading it across the frame. An external electric field (DC) of 1600 V/m was 
subjected to the electrodes and the particle velocities were measured using confocal µ-PIV system 
(Nikon inverted Microscope ECLIPSE TE300 with Bio-Rad RAD200 scan head). In order to account 
for particle electrophoresis, electric field was computed by Finite Element Method using Comsol 
Multiphysics 5.2TM and the particle mobility was measured using DelsaTMNano (Beckman Coulter).   
 
RESULTS AND DISCUSSION 
  
Figure 2: Normalised velocity field within a free liquid film under an external electric field measured by 
confocal µ-PIV. (a) Depth-wise velocity profiles 2680 µm away from the cathode electrode and (b) mid-plane 
velocity field for the above location.    
 
As shown in Figure 2, the resultant velocity field closely resembles that of a closed-end solid 
microchannel. The fluid velocities near the walls are dominated by electroosmosis while the velocities 
in the mid-sections are driven by fluid continuity in the closed geometry. The electric double layers 
(EDL) formed at the gas-liquid and solid-liquid interfaces were modified by the surfactants, hence   
the flow profiles were found to be highly sensitive to the type of surfactant used to stabilise the liquid 
films.   
 
CONCLUSIONS 
The depth-wise flow profiles in a free liquid film under an external electric field were measured 
using confocal µ-PIV system. The measured flow profiles showed similarities with that of a closed-
end microchannel under similar conditions, but the surfactants used in forming the free liquid films 
were found to play a key role in setting the direction and magnitude of the flow.  
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